Antigens, prepared from 17 strains of Haemophilus paragallinarum by treat ment with potassium thiocyanate followed by sonication, uniformly agglutinated glutaraldehyde-fixed chicken erythrocytes and formed specific hemagglutination inhibition antibodies in rabbits. Attempts were made to classify the strains into serotypes by a combination of cross-hemagglutination inhibition and crossabsorption tests, using the hemagglutinating antigens, designated as HA-L hemagglutinin, and their antisera. The cross-hemagglutination inhibition tests showed the existence of three distinct groups among the 17 strains. Further crossabsorption studies indicated that two of the three groups could be subdivided into three serotypes each, forming a total of seven serotypes, designated HA-1 through HA-7. Classification based on the serotype-specific HA-L system was found to be superior in its wider and more clearly defined specificities to other previous classifications, which are based on the agglutination test. There appeared to be a correlation between serotypes and geographic origins of the strains.
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Haemophilus paragallinarum causes infectious coryza, an acute upper respiratory infection in chickens. The disease acute onset and spreds rapidly in a flock. Economic damage could be severe if complicating factors such as other microbial agents or stress factors are present. Vaccines consisting of inactivated whole cells of H. paragallinarum induce solid immunity against the infection and are used widely in areas where the disease is prevalent.
Immunity induced by the vaccines is immunotype specific; hence, immunogenic type specificity and other serological properties of the organisms have been extensively studied. Page (13) originally classified his isolates into three serotypes, A, B, and C, based on the agglutination reaction; this was followed by a similar classification by Hinz (serotypes A and B) (3) with isolates collected in Europe. Sawata et al. (16) examined their isolates in Japan by an agglutination test and claimed the existence of two serotypes, 1 and 2. Their subsequent study (18) , in which they compared the serological types of their isolates with those of Page (13) , indicated that Sawata's serotype 1 was identical to Page's serotype A, whereas their serotype 2 was identical to the serotype represented by the "Modesto" strain (12 Rimler, National Animal Disease Center, Ames, Iowa. All 17 strains were identified as H. paragallinarum by the method described previously (8) .
A single smooth colony with the iridescent form of each strain was selected and passaged three times on S agar medium (8, 9) , as described previously (17) .
Virulence in chicks. All strains were investigated for their virulence in chicks according to the procedure reported previously (9) .
Antigens. NT antigen from each strain was prepared from a culture incubated in S broth medium (8, 9) (17) .
Antisera. Antisera were prepared by injecting rabbits with the NT antigens from the iridescent form of each strain. About 109 cells of these antigens per ml were inoculated subcutaneously into rabbits (weighing about 2 kg) two times a week, beginning with 0.5 ml of the antigen given with 0.5 ml of Freund complete adjuvant (Difco Laboratories, Detroit, Mich.). Subsequent injections were given intravenously six times with increasingly larger doses from 0.5 to 4 ml at 3-day intervals (17 Cross-HI tests, using GA-fixed RBC. Cross-HI tests were performed with serum raised in rab- Cross-absorption tests among group I strains. The results of cross-HI (Table 2 ) and crossabsorption ( Table 3) (Table 4) . Strains 2403 and 1596 of serotype B had a typespecific HA-L (1-2), and common HA-Ls (I-4 and 1-5), but strains E-3C and 167 of N had a type-specific HA-L (1-3) and a common HA-L (1-4) .
Cross-absorption tests among group II strains. The results of cross-HI (Table 2 ) and crossabsorption ( Table 5 ) tests showed that there are at least five HA-L hemagglutinins designated II-1 through II-5 among the seven strains of group II, three type-specific HA-L (II-1, 11-2, and II-3) and two common HA-L (11-4 and II-5). Strains H-18, 1103, 7710, and G-1 of serotype 2 had a type-specific HA-L (11-1), a common HA-L among the group II strains (II-4), and a common HA-L (11-5) among the group II strains except for strains SA-3 and SA-67 (Table 4) . Strain Modesto of serotype C had a type-specific HA-L (II-2), and common HA-Ls (11-4 and II-5), but strains SA-3 and SA-67 of N had a type-specific HA-L (11-3) and a common HA-L (II-4) .
Cross-absorption tests between group III strains. The results of cross-HI (Table 2 ) and cross-absorption ( Table 6 ) tests showed that strains 2671 and 1676 of serotype B had a typespecific HA-L, III-1 ( Table 4) .
Serotyping of strains by the serotype-specific HA-L. Regardless of the serotypes classified by agglutination tests, H. paragallinarum strains were classified into at least seven serotypes, HA-1 through HA-7 by the serotype-specific HA-L hemagglutinins ( (HA-L) 221 (1) 7119 (1) (Table 4) . However, these strains do not share the serotype-specific HA-L hemagglutinins I-1 and 1-2, respectively.
In contrast, trypsin-resistant hemagglutinin (type 2 HA) was found in all strains of H. paragallinarum belonging to different serotypes classified by the agglutinin (6). Thus, serotypespecific HA-L hemagglutinin, which is defined by its agglutinating activity with GA-fixed RBC, not only is present in all strains of H. paragallinarum tested so far, but also is more specific than other hemagglutinins of the organisms.
Comparison of the classification based on serotype-specific HA-L hemagglutinins with that based on agglutination tests illustrates superior specificity and reproducibility of the former. For example, strain Modesto was reported identical to the strains of Sawata's serotype 2 by the agglutination reactions (18) . The study with the HA-L system revealed that all strains of serotype 2 had 11-1 (hemagglutinin HA-L2 [19] ), whereas strain Modesto had II-2, although they all share common HA-L hemagglutinins II-4 and II-5 (Table 4) . Four strains, 2403, 1596, 2671 and 1676, which were classified into a single serotype B by Hinz (3-5) can be divided into two different serotypes, HA-2 (strains 2403 and 1596) and HA-7 (strains 2671 and 1676), based on their HA-L specificities. In addition, strains E-3C, 167, SA-3, and SA-67 that were previously not serotyped by Rimler (14) are classified into distinct serotypes HA-3 (strains E-3C and 167) and HA-6 (strains SA-3 and SA-67) by the serotype-specific HA-L hemagglutinins without difficulty.
Correlation between HA-L specificity and immunogenic specificity has not been studied well. Sawata's serotypes 1 and 2 belong to two distinct immunogenic types (8) (9) (10) (11) 19 ). Page's serotype A (13) and Rimler's serotype C (15), corresponds to Kume's immunogenic types (10) and Sawata's serotypes (18) 1 and 2, respectively.
The immunogenic specificity, then, cannot be explained solely by serotype-specific HA-L hemagglutinins, because strain H-18 (Sawata's serotype 2) possesses 11-1 and strain Modesto has 11-2 HA-L hemagglutinin. However, both strains, share common HA-L hemagglutinins II-4 and II-5, and, therefore, the immunogenic specificity observed between the strains belonging to Sawata's serotype 1 (Page's serotype A) and Sawata's serotype 2 (Rimler's serotype C) can be easily explained if common HA-L hemagglutinin is also responsible for the protection against challenge exposure with homologous strains. Further studies are needed to determine relationships among serotype-specific HA-L hemagglutinin, common HA-L hemagglutinin, and immunogenic specificity of H. paragallinarum.
It is interesting that the serotypes defined by serotype-specific HA-L hemagglutinin appear to be related to their geographic origins. Strains E-3C and 167 isolated in Brazil belonged to serotype HA-3. South African isolates SA-3 and SA-67 belong to serotype HA-6. Two serotypes belonging to HA-1 (strains 221 and 7119) and
